Evidence has been accumulating from many sources that infection with the virus of lymphocytic choriomeningitis may produce a variable clinical picture in man. The finding by Armstrong and others28 of neutralizing antibodies in 18 per cent of 680 random sera from all over the United States indicated that the disease was widespread, although a review of the histories of the cases possessing virus antibodies in their blood suggested that in many instances the infection was asymptomatic or often overlooked.
due to this virus."2 Cases in which fever has persisted for weeks or months have been recorded,2' 6 7 19, 26 and it has been noted that spinal fluid changes may be slow in disappearing.3'9'10 A chronic arachnoiditis has resulted in one instance.' Sequelae such as personality changes, fatigue, headaches, impairment of memory, mental depression,8'22 25 paralysis, 4, 15 and mild Parkinsonian syndrome17 have added to the impression that the infection may extend beyond the meninges. Six deaths have been attributed to the infection. '6' 21, 23, 24 In many of the instances cited above, infection with the virus of choriomeningitis had been suspected but laboratory evidence was lacking. The diagnosis has been proved in a sufficient number of cases, however, to suggest that the clinical picture may be one of three types:" mild cases of short duration without meningeal signs; cases of acute benign lymphocytic meningitis; cases of meningoencephalitis, more prolonged in course, sometimes followed by sequelae and occasionally fatal.
Thirty-three cases presenting a variety of neurological findings and a lymphocytic response in the spinal fluid have been studied during the past three years with the view to determining the incidence of choriomeningitis and the diversity of its clinical manifestations. Among these there were six cases from which the virus was isolated from the spinal fluid and two fatal cases in which it was found in the brain tissue. The present paper deals with a report of these eight cases, the spinal fluid findings, and the virus studies. 10, 1939 . Patient awoke at 7:00 A. M. with severe frontal headache which radiated to the back of his head. His ankles and wrists felt sore as he lay in bed. There was severe pain in his feet which increased on walking. He tried to work but came home and went to bed at 11 o'clock.
Temperature found to be 1010 in the afternoon and he was given bromides, salicylates, and barbiturates. He slept poorly that night. June 11 . Symptoms more severe and the patient spent a restless day and sleepless night.
June 12. A red macular eruption was noted on the trunk and extremities, which his doctor thought might be a drug rash. His other symptoms continued unabated. June 13 . In addition to severe headache and already present joint symptoms, the left knee became stiff and painful on motion. There was no history of a preceding cold or upper respiratory infection.
Physical examination: Admitted to the hospital at 8:00 A. M., T. 102.40, P. 84, R. 26, B.P. 118/84. Patient was perspiring freely. Scattered irregularly over the trunk and proximal extremities, as well as on the palms of the hands, were purplish-red, edematous lesions, varying from a few mm. to a cm. in diameter, guttate as well as ovoid in shape. They did not fade on pressure. The hands seemed a little puffy, but there was no obvious redness or swelling of the joints. The neck was not stiff. Throat was fiery red. Roof of the mouth appeared somewhat greyish with superficial desquamation of the mucous membrane in a few circular areas. There were superficial thin greyish patches on the gums. Heart, lungs, and abdomen were not remarkable. Reflexes were present, equal and active. There was weakness of the extremities, most marked in the grip of the hands, probably due to pain in the wrists.
Laboratory data:
Throat culture: Alpha streptococci, staphylococci, influenza bacilli, and pneumococci present. April 1. Hospital admission advised because of continued complaints and mild fever. It was also hoped that the differential diagnosis between a postinfectious encephalitis and a mild infection in a psychopathic personality might be clarified.
Physical examination: T. 100°, P. 120, R. 24. On examination the patient, a slightly obese girl of 16, was moderately drowsy, apprehensive, and uncooperative. Left pupil larger than the right; both reacted to light. Slight weakness of the right external rectus muscle. Ophthalmoscopic examination revealed the discs to be pale with slight blurring of the disc margins. The neck was not stiff. Heart, lungs, and abdomen not unusual. Reflexes all equal and hyperactive.
Laboratory data:
Blood: R.B.C. There was complete loss of conjugate deviation to the right and upward; slight nystagmus on left lateral deviation, and right lower facial paralysis. Limited motion of the soft palate and absence of the gag reflex were associated with some dysarthria and nasal voice. The tongue deviated slightly to the right. Deep reflexes were hyperactive and equal except in the right arm where they were more active than elsewhere. Impairment of motor function in right arm and leg without spasticity was present. Finger-to-nose test was impaired on the right and dysdiadokokinesis in this extremity was probably due to weakness and hypotonia.
Laboratory Clinical diagnosis: Encephalitis, etiology undetermined. Postmortem examination:* The lungs appeared mottled with patches of focal pneumonia. There was definite bulging of the cut surface which was deep bluish-red in color, dotted with patches of bright deep red. The bladder was found to be markedly distended; the wall was thin but the lining mucosa was everywhere a smooth pale grey-white and was intact. The ureters, pelves, and calyces of the kidneys were moderately dilated.
Cranial caty: The dura was a thin, translucent, tough, grey membrane. Some flattening of the cerebral convolutions of all the lobes was obser-ved. No blood or exudate was seen in the subdural or subarachnoid spaces. There were numerous discrete, glistening white, soft nodules approximately 5 mm. in diameter, scattered over the meningeal surface of the cord.
WVhen the frontal lobes were sectioned in a sagittal plane, clusters of petechial hemorrhages were seen in the subcortical white matter, often concentrated in the white matter of the convolutional crests. Not infrequently they were associated with definite necrosis. A large number of petechiae replaced the entire right internal capsule and cerebral peduncle. The white matter around the posterior horns of both lateral ventricles contained showers of petechiae as well as foci of necrosis. There were hemorrhages in the pontine nuclei.
As the cord was sectioned the cervical portion was found to be intact in contrast to the thoracic portion where the white matter contained numerous petechial hemorrhages. There was evidence of extensive necrosis throughout the cord, suggestive of a transverse myelitis. The grey-white masses in the meninges lay completely within the subarachnoid space and did not encroach upon the cord parenchyma.
Microscopic picture: There was very little inflammatory reaction in the cerebral meninges except for an occasional focal collection of lymphocytes, plasma cells, and leukocytes. The encephalitic lesions involved, with minor exceptions, the subcortical white matter. Of the basal ganglia, the substantia nigra alone was extensively implicated. The lesions were perivascular in distribution and were of four types. In one, the endothelium was swollen, actively proliferated, with an occasional cell in mitosis. In another there was perivascular and intramural plasma cell and lymphocytic infiltration. In a third instance, large numbers of neutrophilic leukocytes permeated the tissues around vessels which were usually of the venous variety. The most common type of lesion, however, was the perivascular glial nodule composed of astro-* Examination of the brain and cord was made by Dr. H. M. Zimmerman to whom I am indebted for the protocols in Cases 7 and 8.
cytes, microglia, and fat-granule cells. Fresh hemorrhages of petechial size were frequently encountered with all of these lesions.
The spinal cord was more extensively involved than the brain. At some levels there was massive necrosis of both grey and white matter. Associated with the leukocytic perivascular accumulations, the ganglion cells had completely disappeared and the myelin was in a state of phagocytosis. Spinal nerve roots were infiltrated with leukocytes and there was evidence of demyelination. The spinal meninges contained large clusters of inflammatory cells, chief of which were neutrophilic leukocytes. This meningeal inflammatory reaction accounted for the exudate seen macroscopically. At levels, both below and above the transverse myelitis, the anterior horn cells showed extensive ischemic changes. .) The mucous membrane of the bronchial tree was edematous and red; there was a considerable amount of frothy pink mucopurulent material in the lumina. All of the lobes of the lung, with the exception of the upper portions of both upper lobes, were uniformly non-crepitant, swollen, and resistant to palpation. Multiple section showed areas of focal pneumonia to be present throughout. A firm, redgrey thrombus was found plugging one of the vessels of the left upper lobe.
Cranial cavity: On opening the calvarium the cerebral meninges were dusky and contained traces of blood. Numerous petechiae could be seen through the meningeal coverings over the right temporal lobe. The brain was definitely swollen. There was extensive hemorrhagic necrosis of the right frontal lobe extending into the centrum ovale of the right parietal lobe. Minute hemorrhages could be seen in the central white matter of the left cerebral hemisphere. The cornu ammonis on the right was swollen and the normal markings were blurred. There was no evidence of inflammatory reaction in the occipital lobes. The cerebellum, pons, and medulla appeared normal. There was no change in the spinal meninges. The spinal grey matter in the cervical region appeared congested and there were a few petechiae as well.
Microscopic picture: The process was essentially a non-suppurating inflammatory reaction coupled with extensive parenchymal necrosis. The cerebrospinal leptomeninges were infiltrated with a mononuclear exudate in which lymphocytes and plasma cells were most numerous. There were also present large mononuclear cells with prominent pink-staining cytoplasmic bodies; these were probably mononuclear phagocytes. The choroid plexus was entirely free from exudate. There was a massive destructive reaction in the right frontal and temporal lobes; to a lesser degree the same type of change was present in the left cerebral hemisphere. The process consisted of a wide- Mitoses in the vessel walls were numerous. The endothelial proliferation had resulted in vascular occlusion from the many foci of necrosis found. There were several rather large fresh hemorrhages in the temporal lobe. Collars of plasma cells around vessels were found in both the cortical grey and subcortical white matter. Individual glia were found undergoing mitotic division in the latter.
Anatomical diagnosis: Non-suppurative encephalitis and meningitis; aspiration pneumonia, bilateral.
VIRUS STUDIES
It has been the custom to inoculate five Swiss mice and two guinea-pigs with the spinal fluid under investigation. Combined intracerebral and subcutaneous or intraperitoneal inoculations are employed and the inoculating doses vary somewhat with the amount of spinal fluid obtained. Usually 0.03 cc. are injected intracerebrally and from 0.2 to 0.5 cc. intraperitoneally into mice; in guinea-pigs, 0.1 to 0.2 cc. are given intracerebrally and 0.25 to 1.0 cc. subcutaneously. Since the virus of choriomeningitis is known to occur spontaneously in mouse and guinea-pig colonies and has been described as a contaminant in many virus studies, the selection and care of animals has been carefully guarded. The Swiss mice used have been raised in our own laboratories and tested for the presence of virus infections by the intracerebral inoculation of broth, starch paste, and normal mouse brain, at intervals in the past. Guinea-pigs weighing about 250 gm. have been bought from dealers and kept in a room removed from the one housing inoculated animals. As each batch arrives, the animals have been inoculated intracerebrally with 0.2 cc. of sterile broth and they are held for a month before being used for virus work. Up to the present time no evidence of a virus infection has been found among them and they have proved to be uniformly susceptible to inoculations of known strains of the virus of choriomeningitis.
Following inoculation with a suspected spinal fluid, the two guinea-pigs are caged together in a large cage. Thermometers are sterilized by standing in 95 per cent alcohol at least 10 minutes before use, and the hands of the operator are washed before touching another pair of animals. We think by these precautions the possibilities of cross-infections have been minimized. It has been noted that although guinea-pigs are susceptible to infection through normal skin, attempts to produce the disease in these animals have failed when the virus is placed on food or on litter at the bottom of the cage. Under isolation precautions, infection has not been transmitted to normal control guinea-pigs in closely neighboring cages.20 Isolation of the virus from spinal fluid. Cases 1 to 6. White mice failed to develop symptoms following the inoculation of spinal fluid from any of these cases. These animals all succumbed to reinoculation intracerebrally with a 10 per cent emulsion of a known strain of the virus. In guinea-pigs, however, fever of 104°to 1050 appeared 5 to 16 days following inoculation with spinal fluid; in 50 per cent of the animals between 5 and 9 days. Death of the animals occurred 12 to 24 days after inoculation (with one exception, 41 days), and 50 per cent of the animals had died within 15 days following inoculation with spinal fluid. No guinea-pig survived. Subsequent transfers of guinea-pig brain to mice resulted in typical symptoms in the latter. Crossed reinoculation experiments in mice recovering from intraperitoneal and intranasal inoculations of these strains and the Rivers' W. E. strain proved them to be the same.
Isolation of the virus from brain tissue. Cases 7 and 8. There were two instances in which the virus was not isolated from the spinal fluid but was found to be present in the brain tissue. In the case of F. M. (Case 8) a 10 per cent emulsion of brain tissue from the right temporal and right parietal lobes after storage in glycerine for 70 days produced fever in 9 days in one instance and in 14 days in three instances after combined intracerebral and subcutaneous inoculation into four guinea-pigs. Death occurred 11, 23, 30 , and 37 days after inoculation. Mice showed no evidence of infection and later succumbed to reinoculation with the Rivers' W. E. strain. The isolation of the virus in Case 7 was more difficult. A 10 per cent emulsion of fresh brain tissue from the cortex failed to produce symptoms in either mice or guinea-pigs following combined intracerebral and subcutaneous or intraperitoneal inoculations. These animals were reinoculated five weeks later with the Rivers' W. E. strain and all succumbed. When a study of the patient's brain sections were made later, and the suggestion that a virus was responsible for the picture presented, further studies were made. The brain tissue had been in glycerine for 71 days by this time. After washing, it was frozen in a small press and hammered in the frozen state; it was then removed to a small mortar and ground as it thawed. The resulting 10 per cent emulsion was injected intracerebrally into 6 mice, 6 three-day-old Rhode Island Red chicks, and 1 guinea-pig three weeks old. The mice showed no symptoms. The chickens were sent to a farm 23 days after inoculation. At that time they appeared in good health. On February 10, 1939, ten weeks after inoculation, one of the chicks was dead. Postmortem decomposition was marked and the brain was removed and stored in 50 per cent glycerine. It was reported that the other chickens had a peculiar gait, but by the time the farm was visited they had been killed and discarded. Fourteen weeks after inoculation the guinea-pig had died. Temperatures had been taken during the first three weeks and had been normal. Following that, the animal, caged alone, had been forgotten except for a report from the caretaker that it ate poorly and was not gaining weight. The virus of choriomeningitis was isolated from the brain, lungs, and a pericardial effusion in this pig and also from the glycerinated brain of the chicken. In the next serial passage from these sources, mice again failed to show symptoms. Fever appeared in the guinea-pigs 11, 13, 17, and 19 days following inoculation. Death The eight cases described fall into the suggested grouping outlined above. The first case presented no neurological signs and the complaint of persistent headache prompted us to do the lumbar puncture. The second case was a typical benign lymphocytic meningitis. The virus was isolated nine and five days, respectively, after the acute onset in these cases. Encephalitis of varying severity was found in Cases 3, 4, 5, and 6. Cases 3 and 4 were relatively mild, recovery was fairly prompt and without sequelae. The onset was insidious in Case 5, and the course prolonged. It is as yet too early to be sure of the final outcome. Death occurred suddenly in Case 6, five months after onset and at a time when improvement in the mental status was beginning to be noticeable. Although in the milder cases of encephalitis the virus was isolated from the spinal fluid early in the course of the disease, in the more severe and prolonged forms it could be found as late as 59 days after onset.
It is of interest to note that among the first six cases the lymphocytic response in the spinal fluid was highest in the meningeal form of the disease. Although the cell count was within normal limits in Cases 5 and 6, a positive Pandy or an increased protein content was demonstrable. The cell count seems to be of no prognostic significance as to the seriousness of the disease.
Acutely fatal cases of hemorrhagic encephalitis proved to be due to this virus have not been previously described. In neither instance presented here (Cases 7 and 8) was the virus isolated from the spinal fluid; it was recovered from the brain tissue. The pathological picture presented in these patients was that of widespread hemorrhagic lesions involving the subcortical white matter of the brain and cord in one and both the grey and white matter in the other. The meningeal reaction was slight and in both instances the choroid plexus was free. No inclusion bodies, such as those described by Viets and Warren, were found.
The failure to produce symptoms with the inoculation of fresh brain tissue from Case 7 and the long incubation period in the guinea-pig and the chicken following inoculation with material held in glycerine for 70 days give rise to legitimate doubt as to the validity of the findings. The fresh material used was largely surface grey matter. The discovery later that lesions were in the subcortical white matter prompted us to try again with the small amount of material that had been stored in glycerine. About half of this was white matter. There was only 0.2 gram and all was used rather than separate the white from the grey matter. Work is now in progress to determine whether a latent or slowly developing infection in guinea-pigs may be produced when the inoculating dose is very small. From the data at hand this would seem to be the case and may in part explain the findings recorded for Case 7.
Mice, following inoculation with either spinal fluid or brain tissue, failed to develop symptoms or give evidence of having been infected with the virus of choriomeningitis throughout this study. The variations in the susceptibility of laboratory animals to various strains of the virus isolated by other workers lead one to suspect that certain strain differences exist. 5 15, 18 The first strain isolated in these laboratories'0 was highly infectious for mice, but lost its ability to infect guinea-pigs by constant mouse-brain passage.
The failure to demonstrate neutralizing antibodies in the two cases (1 and 4) in which these studies were attempted was a source of concern inasmuch as the final proof was thereby lacking that the infection in the patients was really due to the virus of choriomeningitis. On the other hand, the animals used had been carefully tested for the presence of virus, no case of cross-infection among animals had been known to occur among our stock, and the appearance of neutralizing antibodies has been reported as inconstant in this infection. There were also 25 other cases, among whom a variety of diagnoses were later proved, whose spinal fluid was similarly studied and from which no virus was obtained. These served as controls and added to the evidence that choriomeningitis virus was not present among the stock animals in use.
SUMMARY
Eight cases of infection with the virus of choriomeningitis have been described. The virus was isolated from the spinal fluid in six instances and from the brain after death in two. The cases were clinically divisible into one of three groups: (1) infection without meningeal or neurological signs; (2) benign lymphocytic meningitis; (3) encephalitis which may be mild, prolonged, or fatal. The pathology of the fatal cases has been presented.
